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(54) COMBUSTION EQUIPMENT OF GAS TURBINE AND CONTROLLING METHOD OF 
COMBUSTION THEREOF 

(57)Abstract: 

PURPOSE: To obtain characteristics of exhaust of low 
NOx of specific ppm or below in the range of full load of 
a gas turbine which have not been able to attain so far 
by a conventional dry type low-NOx combustor in a 
process of making combustors be of high temperature 
and low NOx. 

CONSTITUTION: Combustion parts 2a and 2b in a 
plurality of stages which are disposed with some interval 
in the direction of the axis of a combustor 1 of a gas 
turbine, a plurality of fuel supply systems 32 which are 
joined discretely to the individual combustion parts 
respectively, premixed fuel supply parts 4a and 4b and 
fuel supply parts 6a and 6b for diffused combustion 
which are provided for the individual fuel supply systems 
respectively, and a control part which switches ove 
these fuel supply parts and makes them supply only 
either a premixed fuel or a fuel for diffused combustion, 
are provided. 
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i 

* fT&Jb«-*«»w £ ft«*& 2i t ft#m 

3 21 1 ck t) ff ^ ^ c t £ £ f * #x ^ - If > 
3 ] M«9t 1 fclB«©# X tf 

£*»r, « i &<Dmmw^<o»mft»mmt 2 

xjwcsrs sdoi *ttii?fl«afMi y 
ssj^n, are * \z&i&fomfr zm&w \z^m&&&^ 20 

[St** 4 ] 2 fc|2*<<D;tfX * - tf >&&&g§© 

1. &2, Sg3, JM. «5R««OJHlC5/U-X«« 
#W»fcE»fc*5, »4, 13. JB2. fSlROBK-t 

n*n*»ft*d>s** ftffSKcD&$«S4ft ^5 

R©jB»(0^«»#jhS*-5Ctft»«t"rs»^^- 30 
M#H 5 ] 2 \Z&K(DXX?-}f>mm&<D 

&mmwjjmz& nx. k 1 r» 6» 5 R<o**nen© 

YBMRHtt. lf>A»ftaW*»iT*lK» 

■r s fte* bfemra^ e ©«#fc j: o * 

b* ttftfH*P«&. 

[«*«6] «t*3Hi fcE*co^x^-tf>«gais 

fc*5^X, ««Sft«^T*rt«^<tlXM«©^«ft 40 

o?l ft ft tt. c©«<D?i«>6*ai«a»9««i* 
^jw»»©^*icj^srt«fcffl«ftaw h s*T»a'r 

* 7 * ;V A fc*3J to#ai£&?L&B8 P ®« ft SttSAK 
A#0*SBBPMi*tf>2 0%&T\zmfel>fcZt&imt 
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2 

mmmz. #*^ffifc»*x*;i^ft^**^ nun 

**fctt^X^«fcJ:*tt«*fc»WWcJfiRftRtffc 

c t: t - r * a x * - tf 

[0 0 0 1] 

^>z3>/w>H^>h^jz^$n^^x^-tf>^ 

■«©«ftHofc#X*-1i>«««**t»0« 
[0 0 0 2] 

-t©#»*#««*ia, ffiH^t^o, nox 

[0 0 0 3] ^^J8Snx^£*fcffimfcNOx{£« 

#mra> jesjftsgrt©Wi^«^«ic»ft*i#^«itft 

frfeVK M^O^ia^ft<BT$"ti:S^XftS, £ 

> h»*ft«TS-a-i«9»*Yl:*lRl«ca!ffT* £ tttt 
SA^o^«©IKft^7K©^»jKttfi»«ft*^:d« 
«J»©^ft«TSi*SCfc* «©^jfl»tft*. 

[0 0 0 4] -ec-Ciff^, 
*Bfle<DffiT#asfcLX* «»t«^£«£ftjB»» 

B^#R»*«tt&*tRI»Sn> Xft4UH>A«f#2:RI 
^©^;VcONOx^«^pJ«gt^:oTVi-5. 

[0005] zv^i&ft&mnmi&mmz&Kxte* ? 

»K»ftftWj«g*lc*3Eb. «S««©W#X««ft 
±&t<i£T<X0i ©sfcJfcfc ft 0 -6 ttfi Jt ftf t> L 

[0 0 0 6] 

^*HIB0<ft«. 

[0 0 0 7] 01211 *X^-tf>ft«ftNOx»^ 
JiihOM^ft^U^ttaTft^. f5|HJC^T<fc5^ 

HffiNOx«i»ScDNOx^tfi4#ttb«:, ^X^-tf> 
©NOxfi^fes^tfefeTtt^^ft^Rfkb, NO 
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(3) 

3 

x »tt b ©-g&£-j<MSS f T^T<£N O x »tt IC^S 
U NO x ©«Wt^oaA*MB l/Tt&. 
[0 0 0 8] ^^-lf>©tfi«[«iT*$ 

fi<DN O x g KlV— ^>&*TK£nJt6fcN Ox| 

[0 0 0 9] -Tfcfr^ fifefb^^Aen^S^ 
«&g©NOx»&j 14, Hl3^t<fc5i:, 10 

[ooio] ufc**-pT* NOx^$eicfi«-r^^se> 

) Hi 4lc^-r«k^lc, Rfe*3V4MMIftRtt 

T**a««»««»&lTft*oT45C 1J:D/Jv£ 
VJtflMBRMW'&lC-rsiCO <*fcl4THCW *)* 

[0 0 11] NOxttHl5lc*tJ:5^ 
(«*ttl Oppm ) 0TFfc-ra»&», KttWMMa 

[0012] h 1 6 \z7R?&?\z, a&m&wmm 

HI 5iC^T<fc^fcNOx&@gl«[^Ttw*rS7t8&^ 
j 14, $P <n (HI 5^7^*P £#J&> JcT* 

j4j»MiisajMcffiVi^a3fe*p &»rrs&R)&*&D, $ 
[0013] *^i4zm^o^j@^»^-rsfc8e>^^ ^ 

*©H9^fflttNOx«B^TI4aj*U#^-pfc»^ 
If >±AW«Bfc:&*tS 1 Oppm PiTOfiNOxSf 

s»#S£8«?-s Ji t. * a » 

[0 0 14] 

**»r*Jit3»«T**— zn\z#vx&r&mm 
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[0015] mmmn\*. mm&mz^&Gfm&mm 

OTSBSM****. JB1R*»&»6R*-C<MMB* 
tt»«tiSDI4Sfll8B«HrlRl (S**IrI) fc**V«V-j£ 
©J6«l£*v»TE«a*rcv*. * l R©*8^»B# 

jKf4«:fS^«^ / x^hmwb j XJM>N»idt 
wttztu z.n*><b/X)vvmjL\z&Q. 

[0 0 16] jKjR«f«P». » 1 5 5 

£n*Q£lR-S§5R<& : W!g*&« 

cfc o Tff 35ct)tl«i«Hi £ o X Vi £>. 
[0 0 17] 

[fwai « i ftott»i4ttfKiBtt^ j xjvt^m^mm 

CO«»J4*lRO^«^»*fflPafWc«»6 
[0 0 18] «*R, »lRO«W4««««ffiyX^ 

^jB^MaftftftK-r*. « i R~-ai 5 Ro^a 

-So *2R©^JB^«W4*lR©^S^«»©JW»fc 

^»J4^ 1 2 RO^g^jB»OjB«bfcKta^^ 

5 RO?&^j^%>±ftRO?n«j|^OttttU^M 
#XO««^J;o»^cSnjKjftU ^1R-^5R(D^ 

«j-x«j»r^. 

[0 0 19] Lfcj&toT, ^lR-^5RO«8ftf4±T 
1 0 OXMtJWWSJlt^Tt*. ^R»C 

t&mmm&mz&&2tix&r) % ^n-?n©jKjs« 

TNOx^iU^m EP^ 1 6 0 OrfiTFT 



(4) 

5 

[0020] JKDfeS, mm±*$rci 6 0 Ot^TT 

xfcat*Jt&£:fc*. 

[0 0 2 2] *2ft<Z)££fc©<^(Dfc&f&2R~ 
[0 0 2 3] $&l&~ff§5R<D^g^&»lCtefc 

[0 0 2 4] *^^IC*5^^SM^«7tit<fcn«> » 
[0 0 2 5] 

[0 0 2 6] 

3 it® j^ff&^rrsai 1 <D&m& 2 a t , 2 gco«« 

&&2 att#X«E»lRlfc»5— la, lb 

tt/Vf Dy h/t— *"3. f I^Sf 4 a, ^tt^l/ 

*iP&D y H-t<Z>ttO««t «WX*JMr»*W« bT 

*»j«fcSnT^*. T««0>/h«rt«l 
*g^g«4 b*5£l^-£fc««&0>V'f ^ n/t-^ 5 
b^-r^*J^i:$nTV^. #^2g-&S»4 a, 4 b 
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3nTV>*. £jfc^8^Sff4 a, 4b©±^fflO^I 
«^nnfc»a»yX^6 a f 6ba*Ell£ttT^*. 

[0 0 2 7] % 2 <&«Sfcg 2 b 7 fcTOMK 
I4c, 4d^<J:tfm-*fc««»^-r^an-^5 
cStm«t$ntl^. ^g«4c, 4dli 

[0 0 2 8] T«£S«4c. 4dO±^«lC« 

$|4a, 4 b, 4 c, 4dte*i)-iP-h8 a, 8 b (— 

1 0 K#JRbfc1i*#- h 1 1 \Z£K>ttfa&W& 
[0 0 2 9] *ai*J« 7 ©T*tett««rt« i 2 *5<fcrx 

nffijvsi 3 flatten, mwii 3 

?L14^$nTW. Httfc. *SfttV7G>*MM 
:/l 5»ct>^«ccD^dfLl 6^RSnt^5. 

fS7 t^lSf^Sl 2, *W7D-X'J-?15t*« 

7-c^$nr^^o 

[0 0 3 0] 1 aO_b$5JgWC«^lR<D^a 

1 8#Stttf&tU t&lfib&#rt«l a, 1 
b, 7(Cfifttt^n^a^«4a, 4b, 4 c, 4d 

camp «u -tn-€ r n^2ift-^5g:<D^^^«aiP 

19 a, 19 b, 19 c, 1 9 d tsntV^, 21*16 
fg2J£~2l5©CD^^j&»«ffiP 1 9 a, 19 b, 1 
9 c, 1 9dlt «*«*telRjlC»oT^U-X*8»* 

ne>0*ffiP19a, 19 b, 19 c, 19d^&tttt 

[0 0 3 1] — /HP7W^t3ll /h&Aflll 
a<D+^«fc»5a«^yX;k2 0, ^«£«H/X 

;i^2 i fem77 2 2 tt-rzm&ii'zn. ^©/h 

?L2 3#MSnTW*. 03»*K«l^iS$^bT^ 

[0 0 3 2] 04 U v h/t— *■ 3 

5fe*fcfBffi?L2 6ffin«nt»D. -<D«ffi?L2 5i: 
yX^56*2 6t)W*H»iEbT^«. yX;Wfe*2 6 

[0 0 3 3] /XMl5«2 6 0W«*J:Ca» 

®«2 9<Ojfi»lc^ ^it^$Mcov-f^n;v 
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(5) 

7 

[0 0 3 4] jB&ftj&X 3 2 te0 1 fc^T^ 3 K> 
ffi*giS^3 3^^JK»SS*»S#3 4^U 
**/X;V6 a~6dfc*fU «»*ia«f#3 5. 3 6. 

39a, 39b, 39c, 3 9d^l/TM$toi 

[ 0 0 3 5 J 0 5 tt«»««fil«<D3Stt«aS^UT^ 
Zo ««Nttffi*Wfi#3 3*5i;r«ft«W&#3 4£ft 

[0 0 3 6] — #G>#»tt, ft»r#3 6£&aU*:&2 

If 4 0 a£<fctf2ftfiPIfi#3 9 a&mtl2>mm4 1 a 
mm»4 0 b$$J;Iflfc*SI&*3 9 b£ifitt*aSjffi 

4 i bfcfcwnTVi*. ^an- 
4 o e&zzfffimmmt 3 9 e^jn&u zzizffinm 

S£#3 8 £ttn£ftft4 let, »J<0^«E4 1 f t\zW\ 20 

[0 0 3 7] mmmmts 4&&m\sitm&<o% i m\z* 

1^3 9 c £S£n£5fr6fc4 let, Sft*fh4 o d*3<fcz; 

^sras#3 9 d$«n«sff4 i d t^wns. 

[0 0 3 8] £nS£T<0WS#*S0r#, «EStt**> 
^ffi^Sn^SlOl, S10 2, S10 3, SI 

0 4, S 1 0 5, 3B««5 1 a<Otti^fg-^S 1 06^ 

tfft»«#s 1 o 7«S5Jp:S4 2l:'J>^Sti, 

»«4 2fcA*SnT^-5X^r^a.-;HC«fcDft«re# 30 

1 0 7 \Zttf&lsTMm2tl2>. fc:fe> 5 1 bttRffiS 

a. 5 1 c hm^^^-t. 

[0 0 3 9] &fc«UIMMrr*. 

[0 0 4 0] *?\ B3:feJ:tfB5fc£^Tffi»©ttn 

«Rnr«. la 5 ic^-r <t 3 &§mmms ofrtm 

m£*lfcifc&E&JE(Z>^AO tf>— lf>5 1©» 
9U9Di WiH3fc*W-*«ft«fliffi»Al <b 

fc*. ISftAl&ftAl l«B«©»ai?Ll 4, 1 6SIt> 
TBHB5 2ftfcftAU *f >K>5a»«A2 tfcD, A 
ffiJrt^l 2*5<fctf*«rt« 7 «fflSte£D»Srr*. 49 
[0 0 4 1] <>tf>^*^A2 tt % HlgftMl 2(Z>8S 

i\ ^B^SIIB <^h) 4 a, 4b, 4c, 4d» 
n*njB«»ffl«A3 , A4 , A5 , A6 tbTfltA 

U Sfc/Vf n y h/t— ^- 3 icjBS«feffi^»?L 2 3 
jftffl*«A7 fcLTSSAU SfcWWUla, 1 bco 
;VA#2fl£&A8 £fe*<fc?fc»fB]5 2ftTT«^ 

[0 0 4 2] &\Z. n^Uv h/t— 2-3fc£W-*ffi«. 
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[0 0 4 3] H4fc*Vvrg«7L2 3^6«XUfcjB» 
ffla«A7 »X77 2 2KJ;D*iI»«#*.S*U £ 
®Lfca*e>£taP3 l*&<h&rtffl afc«A-T*. 0 
4 D 3 1 \m 2 IC«V)T»JB 1 «GH*B*«*« 

ffla 1 8 KKMiTS. /Hny hft«*8**Nl 
2 4<DWTWL<DH2 Sfr*>*J*y hM£LT*fflLT/ 
X)V9tf&2 6«*J»L^J:5fc»«»aiU «tbP2 

A«/hffrt« 1 aJ3gCD**«5 3 £«fcD^*:;**u A 
-fDy HWftFl ftf»dtr *• f*«!«W4 2**6 CD 
B-^S 1 0 3IC<fcD&«tf&BNl KFWB£«»N3 k# 

[0 0 4 4] ^B^*»N3 tt : Pa-&jB»/X;W2 

e^r^-«ic«ffl*n*«»N4ta:ij* Ktt^sft 

8 (Pftdin3 1) aKSSA-TS. ^(Dt 

fc»Wnyhj«Fl fr*><Dj&k&Pj±'V&z>. urn 

«0RA*TI»jfircHt. /HPyhMFl tt^T^FS 
£B-&«**N3 fc«fc* 1 0 0%fjg^Mtfet), 
N O x OR£l*l£K* 
[0 0 4 5] jKjttSM«^«»t««mo«n^cl: 

[0 0 4 6] ±*0#*C«fcD/.h«rt1«l aftfcartVt 

y hJMWfNl fcit;/HDy h^fi£«»N3 ©SB 

^^n, S2R7S^«B»«UD1 9 a * 
N4 t^oT/jNg|*g«l alcSSATSo 
[0 0 4 7] *AL^«-&«»N4 tt±»JC*^/^ 

nyh^Fl fc«fcD»iWB»sn» 7MM0KF2 £ 

jMtr*. *c*3a^s-&«»N5 anai^ «3a 

^«-&«»»HJD 1 9 b<t:0/hg^fl5l bfc«A-r*. 
1 fc^a-&iklttF2 <D-&JfSnfcRJK!«l»X»CJ:D* 

5ao^a^«»N6, N7 1>^2, satipiaojgg 
tcj:D^a^^F4 , F5 zmfc-rz* 

[0 0 4 8] r^T^a&^Nl , N2 , N3 , N4 
, N5 0^i&««NOx^J^L/^:V^^?a« (1 

6 0 0t:7K«) \ZUZ£5\Z, mn9u&*ti*ta» 

S4 2fcJ:0««$na. cniCtO, #A*-fcT>:& 
fl:^NOxj$tti (@12#D «*©iSN 

oxj&gm<z>Nox#&b (Risi#n} iaao, ±* 
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9 

[0 0 4 9] 'X4k<D&fe{£\Z±m<OJ:5\Z. %\Wi^W> 

[0050] mz. mmte&m<»i$mz^xmi? 
[0 0 5 1] ^tiffitefii 5 o *>*>mim i \zm%tt*tiz> 
5fc^ten^>fcr>^^ii 4, i6&si&u 

*f >fcr>$*»«EA2 £ftoTJl«ftm 2*5£tf*gf*9 

[0 0 5 2] H«J*9«1 3 0ffi^T«^«llg^«lCA^ 
^>»&MB4a. 4b, 4 c, 4dA<0jBtt£ftA 
3, A4 , A5 , A6 ^ <fc^/X-f D 3 <D«S«fe 
J SftA7 tLTH(Bllrt«lC«X«. 

[0 0 5 3] fiU JB1©«M**2 afc»jS-r*/h«l*3 
IRla, lb fc*5 wrli, j&jfcffl^Al ©20 

£SSALT&&&rt®£?^-r£. ?ut>*>* 
1 2oe5^Tf^V®^^T7-f;UA^^tbT 
MJHi*^, *Mfl£LT&&^A3 . A4 , A5 , A6 

, A7 \z&mvx^z>. zniciD 
an, NOx3&tfej*b^vijiR»a* (1600^) 

[0 0 5 4] ±f2cOjaS^«:^-r^fe«)^S4 2 

•?\,>xmw?z>. 

[0 0 5 5] «*§g4 2 Kite, m 1 0 Ka?TJ:3fc. 3! 

i k-jh 5 R©jB»*«c*n*n»x^--if 

5 <D^mi±timmMwo fc&s. suns 4 2 
) fsio 3^c£9> fn$m^s 1 0 7 \zttvxmmm 

S#3 7, 3 9 a, 3 9 b, 3 9 c, 3 9 dt&Zm^X 
[0 0 5 6] &ffi±&<Dia&\Z\t* 0 1 1 

iioi) ^&©^fi^«fEf^jii^iciglw»:^ 

Ury^l 1 02-1 1 0 5) Tttt;U:V*. 

[0 0 5 7] fttttt4>4>*££ttBl 1 <hj£JC, |g5© 

[0 0 5 8] fc43* H 4 *C3*T<fc 5 IC> £rtm a, 1 
b, 7©a^«i5^^«/h$^^^^^ai*rv^^ 
n A-^- 5 a MS^^I:0ns. 

[0 0 5 9] ft*. *&^K:«*;tfX*-tf>j&ftg« 
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10 

7£0$£0 6 —0 9 fc^LTV**. 
[0 0 6 0] 06 (D^flfte, m 1 fc^Lfc&ttfcfflP 
18, 19 a, 19 b, 19 c, 1 9 d $rlR|fi[Tl 

Qftmwim&^xzrL *ti?nmi, 2. 3, 4, 5 

§*&*4!ttiJP6 1 a, 61b, 61c, 61 d, 61e 
&P>BmztftX-r2>£5\Zter>X^2>. ttftNlOliBl 

&*mmz&*L<D&nmsm\z&r)&i£ 

10 ^B^iWfeFl ~F5 *k ^l-5« 

tt*fflP6 1 a~6 1 efcfcttfcUT, rt«5 6 2rtfc*to& 

[0 0 6 1] &7<b$mm\±* /HD^M-t63l: 
t5ViT«01CDg|*S^|tKfRl«T*^^ IlMf6 
4 aOT^^SI-^^2^^6 4 blZttm?*^ 

mz2mw. mjj\*}\zs~-8m&&iznx^z>. sat* 
T>m&mm6 6te\z\ZT>v7 6 itmn^tu m&^m 

a? [0062] *^ic^5ViTt)M^{^flirc, ±i&fl!je>*ffc 

[0 0 6 3] @8^t;@9[l 01^LfcT-f^D 
[0 0 6 4] 0 8 ©^0i|T«"r-f ^D;\'- ^-5 aj&tg 
fiP^> ^H^JIIMBWffini 8 (1 9 a-) <D 

fcffi&&mutvxmvi&&£.ts^ n<D&&x#&m 

[0065] ®9<D&m&mmikM*. «^x^;p^»c 
j:oT^*^pjie^iaa[^^#fi$n^B^a®^8 o 

[0066] &>±0mmm&&v&j&mx7jki,it 
40 *<D?^zf<D#x*-¥>\zmm'%mtezit\*4o&x& 

[00 67] 

>««w:j:ntf» &&<D!s\m&£u-ix^itmmn 

TNOx£SSHB6TF «1 Oppm ) \Z-TZ>£ti&X2 

-eur> Ko*&$L<D±&tmmz&r> s 
so <D^^h^xmnmmM^(ofm%^%^n. 
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(7) 

Ji 

[0M©«i|ifcl&91] 

[01] *%^t«*^^-tf>^ift^*cD-^fliW 

&^-raij£0« 

[03] mmzffiWiDftm&tt&mm. 

[04] M«B|yfi^icD/Wny h/X— ±S^TifcA:0. 

[05] i5gasafi«i©«;8*tt^^-r^«s0. 
[06] *&m<Dmom&m&7KT&m&<Dm&m. 
[07] ^^(7>$^jcte<D^g^^^-r«s^e?cD«« i<? 

0o 
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